is considerable evidence to suggest that transducing path- ptosis" (derived from the Greek word describing the fall Nitric oxide is a widely recognized mediator of physof petals from a flower or leaves from a tree) for a iological and pathophysiological signal transmission [4] . morphologically distinct mode of death when cells actiIts generation through l-arginine metabolism is relevant vate an intracellular program and kill themselves in a in the mesangium of the kidney, where NO is produced controlled way, also known as programmed cell death by constitutive and inducible NO-synthase (NOS) iso- [1] . Apoptosis is a form of cell death characterized by a enzymes with a rough approximation as a low versus serious of stereotypic morphological and biochemical high output system that may correlate to toxic and hofeatures in which dying cells or apoptotic bodies derived meostatic functions of the molecule. Once activated, from these cells become sequestered by professional phagocytes, thereby avoiding an inflammatory response NOS isoforms not only produce NO, the primary reacin the surrounding tissue. This is in contrast to accidental, tion product, but also reactive nitrogen species (RNS), uncontrolled cell death known as necrosis. Elements of resulting from oxidation, reduction, or adduction of NO a core program controlling the proper executive phase of in physiological milieus, thereby producing various nitroapoptosis seem to be constitutively expressed in virtually gen oxides, S-nitrosothiols, peroxynitrite (ONOO Ϫ ), and every cell. Cells die for different reasons: They receive transition metal adducts [5] . RNS production is facilideath signals from other cells, they are deprived of surtated by NOS isoenzymes, all of which are found in vival signals, or they become toxicologically or genetithe glomerulus [6] . Endothelial cells express eNOS, the cally damaged. Although cell death is the ultimate fate macula densa is bNOS positive, whereas iNOS can be of every cell, it is crucial to the survival of an organism induced in mesangial cells (MCs) or is found in infiltratto maintain cell homeostasis through a balance between ing immune cells. MCs are competent in expressing iNOS cell proliferation and cell death [2] . Signal transduction in response to various cytokines or activation of the allows a variety of external and intrinsic signals to be cAMP-stimulatory pathway. sensed and integrated, and to use all of the information Besides the production of NO several studies pointed to control complex pathways of cell demise.
to reactive oxygen species (ROS) formation in association Although the great variety of external signals that with the development of glomerular injury. Infiltrating initiate apoptosis imply multiple signaling systems, there phagocytes are a major source of ROS but MCs also are capable of ROS production. Soluble and insoluble immune complexes, stimulated phagocytosis, and cytokine-treat- in experimental models of immune complex glomeruloof p42/p44 mitogen-activated protein kinases (ERK1/2) afforded some protection toward NO-evoked apoptosis nephritis [7] . In MCs, ROS are generated by NAD(P)H that was antagonized by the upstream ERK1/2 inhibitor oxidases, while ROS production is attenuated by the phar-PD 98059. macological antagonist diphenyliodonium (DPI).
During our studies with MC, we unexpectedly noticed The action of NO as well as O ated the occurrence of late apoptotic parameters such accumulation, caspase-3 activation, alterations in the exas DNA fragmentation, but also suppressed signal compression of Bcl-2 and Bax) [8, 9] . In addition, generation ponents that appeared much earlier such as p53 accumuof O offset, the protection is less efficient. Radical action in that resulted from O Ϫ 2 formation, or abrogated toxicity of oxidized low-density lipoprotein in endothelial cells. provoking apoptosis, necrosis, or protection is outlined Moreover, reports show that O Ϫ 2 acts as a self-protecting in Figure 2 .
factor for NO toxicity in neurons. These observations Signaling mechanisms as a consequence of the NO/ are in line with the protective function of NO during O Ϫ 2 interaction redirect the apoptotic-initiating signals ischemia-reperfusion, peroxide-induced toxicity, lipidto harmless pathways. The presence of sufficient reduced peroxidation, or myocardial injury (references in [13] ). GSH is indispensable for protection, and is substantiated As a general concept it appears that in some systems by the fact that a massive oxidative stress signal, that is, the balanced formation and interaction of physiologithe formation of oxidized glutathione (GSSG), occurs cally relevant radicals (NO and O Ϫ 2 ) resembles a protecduring protection. However, under these conditions the tive principle, thereby eliminating harmful reactions that accumulation of the anti-apoptotic protein Bcl-2 was upare operating as a consequence of unopposed radical regulated at the mRNA and protein level. Further studgeneration. Analysis of cytokine-stimulated MCs may ies led to the conclusion that in general, oxidative stress add these factors into consideration. Cytokine treatment elicits Bcl-2 expression as revealed by using different of MC provoked inducible NOS (iNOS) up-regulation oxidizing agents such as diamide or butyl hydroperoxide.
without driving cells into apoptosis. In contrast, cytoAs diamide was non-toxic to MCs, we used it as a Bcl-2 kines in combination with pyrrolidine dithiocarbamate, activator to protect MCs against a subsequent toxic dose which blocks endogenous superoxide dismutase, allowed of NO. In conclusion, redox changes regulate the Bcl-2 p53 and Bax accumulation as well as DNA fragmentalevel in rat MCs either as a consequence of NO/O In addition, sublethal application of GSNO appears that Bcl-2 can confer cellular protection only to cytokines produced MC death, which was antagonized under conditions of low oxidative stress, whereas a by an iNOS inhibitor, thus implying a role of endogestronger oxidative signal initiates apoptosis/necrosis denously generated NO. In line with these considerations, spite Bcl-2 expression [11]. Signal strength and the onset MCs expressing iNOS did not display signs of apoptosis of anti-apoptotic Bcl-2 actions relative to the activation and, vice versa, cell showing characteristic features of of pro-apoptotic signaling pathways may be an important apoptosis did not stain for iNOS. We conclude that the determinant.
formation of NO did not necessarily promote cell death, Part of our studies concerning the role of oxidative that is, apoptosis, and that the production of O Ϫ 2 can be versus nitrosative stress is analogous to in vitro expericonsidered to be a fine tuning system that redirects the ments performed by Wink and colleagues [12] . They obactions of NO from apoptosis toward cell protection. served GSSG formation by incubating NO donors, O 
